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THE DlW2 OF STR3AXLIZ?E WIRES

By Eastman N. Jacobs

SUMliARY

Preliminary results are given of drag tests of stream-
line wires. 11’ull-size wires were tested over a wide range
of speeds in the N.A.C.A. high-speed tungelc The results
are thus directly applicable to full-scale problem: and
include any compressib5.lity effects encountered at the
higher speeds. .

. The results show how protuberances may be employed on
conventional streamline wires to reduce the drag, and also
show how the conventional wires compare with others having
sections more like strut or symmetrical airfoil sections.

Because the new wire sections developed are markedly.
superior aerodynamically to conventional wiresj It is rec-
ommended that some of them he tested in service in order
to investigate thetr relative susceptibility to vibration
and to fatigue failure. ..

INTRODUCTION

Although the drag of the lenticular section commonly
employed for s~reamline wires has been known for many
years to he rather large as compared with that of the best
strut sections, flow observations made recently in the
N.A.C.A. smoke tunnel again called particular attention to
the fact that the flow about the lenticular section should
be co~stdered unsatisfactory. Separation of the flow from
the surface may occur nearly as far forward as mid section,
leaving a wide dead-air region and a turbulent wake. Pro-
tuberances were placed on the lenticular section with the

—

expectation that the turbulence created by them would, by
scouring out the dead air, improve the gati~e flciw. Ob-
servations of the flow about an enlarged replica-of “a
streamli~e wiro (c = 10 inches) in the smoke tunnel (see
fig~ 1) indicated that the flow was definitely improved
by the addition of protuberances, but the drag could not ~
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curacy ‘to permtt the det ermination of the optimum protu-
berance size, position, and shape. . ...... .-, ...-...=:=--:~:-—.-

li’ol%owing these investigations the .Bureau of Aero--
naut ics, Navy Department, requested the d.A, C,A, to make
comparative drag tests of standard streamline wires and
of two new ones supplied by the Navy Department and here
designated as B wires, one-h’aving a strut-type section of
normal fineness ratie and the other a section of small
finenf]-~s r~tio. This request resulted in the combini~g of

“’.the in?$sttgatians and the transferring of the tests to
the h!~gh~s~eed-wind tunn~l, where ”full-scale wires could
bete”dted.at ful~ speed and the drags accurately measured.
A tesl;pro~itim was formulated and extended to include th~
invbsl;igation of var”ious wire se”ction shapeec The re- .
search is not yet complete, this report being a prelim-
inary one presenting the results obtained to date.

.>.. .:-7,.,...:.._ - ... .-.:; . g- .: -“7,7,*. ,:.
..... ...... .. ...-..-.”i-.:-“”.-. .,- ...,.... ,:,. .+.- ..1. :*..:.:-..R...J.

. - .... :-L... . ““- z<:.~lRE sfl~zo~=..-... -,,:::.- ..__ ___ -.,.-
●

.,.. . . —., !*
,-. .—, -----

.-.
! .-

“g4

.

,., ._____ ----- ---
!l!w~etreanl.i~”ew~qe~ having 16~t~cula~~s8gti&g~yere

.—---.
....

‘“u&’edin the” ~nvestiga~ion. The first, which w~llbg re-
4

f%rett io as the small standard wire, wag a~ominal 5/l& ,
$.hch st~eah~i~a-~i~e” t=ha~‘~ad-bee~” ‘in service ‘~~~~~a~ got

—

refinished before. testing. The me~~ur=~ sec%ion is Shown
.

on fi~;ure 2. The other one is yeferred to as the large
standard wire, and was a“specially made model having the
S.A.E!, specified shape (tieference 1) hut of the same size
as a service nom~fial l/2-inch streamline wirp,h. As com---—— -.._
pared w~th-”thg=small stag”.ar~:~$fiye>$.~,h,pr~fog~..ha~””g.rs}-
ativel,y accurate”-form and ‘a smooth surface. This Wiib iS
the o~,e that was tested’with protuberances, ”which consist-
ed of ‘-11 round wir~ sQlderQd” along” its surfRces.—_.— -... :-= .--.+ -:
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mIO i-LOWs.octi.ons iavo.ati.gat.edwere dW@03?ed. XT?m
tie N.A. C.~. family of. airfoil s,- thg s.ection.num~~e?s..~e.-
ing as fo.llbws: .’

,
,“

N,A;j2.A. 0025-34 “ “ ,“”.=““ = -.,,,-‘ =, . .. — — —

If*A.C,Ac ;025-63 -----

N.A.C.A. 0025-64

N.A;C.A, 0025-65

The 0025 denotes a symme~rical airfoii of. thickness O?25C
(fineness ratio 4)0 The numeral 6 following the dash de-
notes the normal .leading-edge radius, and the numeral 3 a
smaller leading-edge radiusi The las.~ f~gu.re ~en~to~ tl~e
distance fro”m the leading .qdge to the position of maximum
thtckness expressed in te,nths of the chord. These pra- “
files are iticludod iu figure 7. Some important g&omb*-ri-
ca~ characteristics of all the s.octions investigated ana
tho ordinates oftko N.A..C.AC 0025-63 p~~fiL~ ar~..g~~9fi-
in table I. ,

TESTS
...

..,.,.
+.”. The tests were made in the
nel, a description of which may
The wires were arranged to pass_

.: . . .,.
.-::.

,- .. . -..
*- .,,

N.A-.6,A. ”bi’gh-speed turi=
be found in reference 20
through the 11-inch-dia~

eter closed air stream of the tunnel, and were mounted on
the special %alance in such a way that tension could be
applied to them. Observations o<_th,e_dra& 9?d. dYnanic
pressure were taken at unif”orm increnenta’o”~ Vjvc, where
Vc “is”the “velocity of” sound.

- -,-
.‘,

—

.. . RESULTS “ ..!- ..-. — —

.

The re~ultjs are -presonte.d .in figures, 3,,.;?,.51 6> .?~d
7,” as curves of the drag coefficient agg:n~+ .R=?zno~~s.Kum-
ber, and the speed is shown %y num~ers on the plotfe~
points indicating th8” value of th.” iatio of- V/Vcd .In or-
der to facil,fia’te the comparison of wires of equal .Strength,
the area used in calculating the drag coefficient is

●

(t ~ cross-sectional area), ‘where ~t ~; ihe isnglhs~l’ifi=”
wire exposed to the air stream. Similarly, for the

;
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Reytiolii$,~umber, the square root.’of ‘tie_cross~s~cj$onal
.area.!i~‘~-$ed-~$”’the charact~risljiti .dimensi.on~ !e@ls, 13qual
drag coefficients correspond to equal drags for wires hav-
ing app”roximatelj equal strengt~s, and similarly equal
Reynolds Numbers correspond to equal velocities for.wires
of eq~l strengths. The drags and Re~nolds Numhors are
therefore computed from the faritulas

V2 — ,:
i= ~D Q2_

.
Z/cross-sectional area

.. ---f- - r=. = : -,.’.;..,., ,.
...,.—~. “

V~cros8-Oectional area
.,::.&= .,, -,, ~-v ....–-.—— ——— ...

, .,-.. ., -.... ...” .-.. .. ..

.
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‘. - - .“; . . . . . -.:.?.-!”. . ..-.++ -:. .

. . . . . .
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., ----.”” .. -DI,SCUSSI”dfi” “ ‘- ... . “ ;,
. . . . . ..-. . . . . . . . . . ...
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$@9dardwfrea.-

...
In r~fer{n<e-~; .thec&vcs ifi:fi&ue

3,
.-..-—— ..-—— —.. .

rqpres”bnting-%h”e d-rags-h-f‘thQ st~nqard Ienticular- ,:, .-—-..+. -
seotio”fiwires, a comparison of the curvOs .fo.rt~e two
wires indicates that the drag may be to a considerable ex-
tent iepentent QU the ac~r,acy, of the section form and the
conditji..on.ofits- En+rfacqa The-’higher dqag of the einaller
wire ;it the high Reynolds ‘I?umbers may, however, -be due to
certain compressibility effects that may occur at 3.owor
speeds-~or” the’”srnallei.w~r9, The LQrag of tho”laarger wtro
drops f.~otia~~~d~~f”$c~g~.t of ap~roximtitely 002 E& .5 Reynolds
Numbe;P ”:o$~~”jO@O.~,&.aj”p,rox”ima%elj0.09 at”;a fi{FnOl-d3$,Num-
ber o:I?7~1000Q “This,~’e”nge gf the Rejnolds :Xun3gr “corre-
.spond:~”%o spead:s”be%w.een 79 “and 275 mfl~s’ per htiutifdr a
nomiti&l-”z~2~i.nch streamline w“ire for stafidard ht~btjphor~c .
condisbi=OQs .at .$.e.~..&Gory@?.+..,. .-,.......- --..+.=..-_. ...,. .

.--”-. ...—”--—””.-“::”.. .: .~ . , .%’.”;.; ~;..=..,f} -..,:-~,.~;?, ‘.~..:...-..-
..*U...=7.
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A comparison of these res-alts with the. result.s of .-
some -dra[~fi-etistir-ementsof streamline w$res made several .
yens ago in tihe N.A:C.A* variable-density tu~nel (rqfer-
ence3) may %’8 of “-some incidental ia”terestc

—..=
The compari-

son shows fairly satisfactory agreomevt except that.the
present r’e9ults, which are from tests in the comparativern
ly nonturbul.&t air stream of the high=speed tunnel, show
the drop ‘of the drag coefficient to occur at values of iho
Reynolds Ntim%er about 70 percent higher.
.. ,. .==- ----- --=----... ,“

3 wires.-.Refgrring again- to fibgre 33 i* i~”””see”ri.
that the thick 3 wire, owtng to its ex.cessive.drag~ ig-of_
little interest. The thin B wire, however, gives a“con~
siderably” lower drag than either standard wiro~ al~hough
other tests to he discussed later indicate that better
wires may be developed. Tests were made to invest~&at~ .
the thin B wire at small angles of attack. The results,
wh”ich are shown in figure 4, like other results obtainod
fdr”a stan”dard wiro which was also tostod at a fow stiall
angles of attack, indicate that the drag may be somewhat
reduced at the lower values of the Reynolds Number. The
dissymmetry of the curves at’n’egativo and posi%ivo ting’~os
is probably due to dissymmetry of the section. (See fig.
2.) ‘,The axes of the sections from which t~g ~gIes were
measured were determineti with respect to 90 V blocks
clamped on the wires at the leading and trai”iing edges.

,,

Protuberances.- One of thg drag curves shown in fig-
ure 3 indicates the characteristics of the large-standard.
wire with the optimum protuberance arrangement found as a
result of these tests- The protuberances consist of two
0.004c-diameter round wires sold”eredaloag the surface
of the main wire at the mid-section position. These re-
sults show that the drag of the l.enticular section may be
made to approach that of a streamline section by the addi-
tion of protuberances? The results of varying the protu-
berance size (fig. 5), which are.f”rom tests with the pro-
tuberance located at the quarter-chord position, indicate

.-tiiatthe smallest protuberance is the most satisfactory.
The effects of this protuberance-were then studied as thb
protuberance position was varied as shown in .fiWie ~Q
These results indicate that the mid-positi,on is .tQe most
satisfactory, which is very fortunate because it=is by
far the most practical position from. the s>-andpoint of
the manufacturer or operator.

S~ecial sections.- The chara.ctter.ist”ies“o”f-•~h{enew “.————————
streamline wire sections developed from the ~.~.C.A. fam-
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ily gigS4.,rf,o:ilsare. cornpa&ed wit.@.tL? characte~is.tics of
the. s~;e~dar~r..lenii.cularsection in. fl~ure .7, ~hese- rf3~
sud.ts.~-=ihdi.cate tha..tth~..position g.f .paxirnurntilicknese. for
th,.e,sf~c%.tan.~hop~~ be well..f.or.ward.,as shown ~Y the ?ict
that,+,.{;hs0025-6,3. se.ct.ion.gives, the “best ch~ract~ris.ti~~~
I* IW,31L:be noted. that this se~tion, iS markedly s~~Perci.or
to: tha..etandard....lenticular section -fOr all RoYnol@s ~~.Wm-
b,eT~ g~ut speeds within the: wsoful ,rango. I.n oth.?r,.wprdst
even when the lent$cular section is Oparating at”.its! nig-.
imum ~Lrfiig coefficient a further reduction in drag of ELp-
proxl.iwtely 40 percent is possible by substituting .the
N.A~C,$Ae 0025-53 sect ion-~ The advantages of .thi”ssection
over the lenticu~ar section With protu,bora,acos aro 10SS
market., h,owmov.er,a:ld—=ther. advantages of, tho le~tlcular
sect-ic]n, including its fore aad aft syppmtry permitting
toqsiclni+g adjue,tmeats to be mado in ha,~$~t,u~n stops,
will p~ob.ably dictato %ho immodiato adop%.ion. of th~ sec-
tion dti$h.protubera;lcos in .preforencf3 to an airfoil soc-
ti,o~. ---- ---.,””

.
-. .“~XCOMIIE”tiDATION:.-:-’~ “.“..,....,...,.-

-----.,:-:.. ~-..--~...x,..; ----s...~”~”’ .--:*AL-,..,-...:$.*.:
*.:.,.:.,=--....;=-..=:!.- ., ...-.:.,.,=-r.=-+. ..?w~-+-.,..”.. ...
-,.

.lt i’s.r”ecokmended. that wires having the l~nticular
secticn wi.tk’protuberances atid mires having the N.A.C.A,”
0025-63. section be gives’ service .tes,t”iin order to deter-
mine wlnether or not the”y are more subject to vibration or
to,.fat.igue failure. than,standard strea~.li.~p wires... .

...-. ;. .—..;’.. .. .. .... -+-.
,. .:..
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TABLE I

CROSS-SECTION AREAS AiiD YINENESS’RATIOS

in terms of the chord c, mid the thickness t

110del
— —-— -—..—

Thin B wire .

Thick B wire
5/16-inch standard wire
l/2-inch standard wire ,
N.A.C.A. 0025-34
NeA.C,Aa 0025-63
N.A.C.A. 0025-64
N.AoC.A. 0025-65

———— ——

Area I Fineness ~

0.742 C t

.734C t ‘-

.760 c t
,760 C t
.703 c ii
.696 C t
.720 C t
.754. c t

3.66
2.00
3.88
4.00i
4.00
4.00
4.00
4.00

Ordinates of the N.A.C.A. 0025-63 section
——— ———.—

Station J Ordinate

“t

Station Ordinate

— ——————. ..——— —--— .—

0,0125 0.0399 0.40 0.1218
.025 .0553 ● 50 .1127
.05 .0754 .60 .0983
.075 ,0891 .70
.10

.0794
.0993 .80 .0565

.15 .1128 ● 90 .0308

.20 .1204 .95 ●O169

.30 ●1250 1.00 ●0025

—— —————
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Figure l.- Flow about a lenticular section as affected by pro-
tuberances.
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Figure 3.- Drag coefficients for verious streamline wires. ‘-
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o
0 20,000 40,000 60,000 80,000 100,000

Reynolds Number

Figure 4.- CD as affectedly small variations of angle of attack

.5

.4
~1/2° standard wir~ (alone)
+—-=-O.004C dia. wires at 0.25c
A

.3
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\

\
y— ~
— - ~. ~
\:: - -- -—-%

. .-A

0
0 20,000 40,000 60,000 80,000 100,000

Reynolds Number

-—

Figure 5.- Variation of protuberance size.
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Reynolds Number

Variation of protuberance position.

give the value of V/Vc for the point soNumbers on the curves
designated. —
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